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Description 

This invention relates to tissue aperture repair 
apparatus. 

To prevent a hernia from recurring, a barrier 
material is commonly positioned over a hernia ring 
and affixed to the surrounding tissue to block pas- 
sage of the peritoneum therethrough and to 
strengthen or reinforce the abdominal wall about 
the hernia ring. 

Strengthening or reinforcing of hernias is tradi- 
tionally accomplished by stitching a piece of tissue 
across a hernial ring. With recent minimally in- 
vasive surgical procedures, hernial ring repair is 
percutaneously performed with the aid of an en- 
doscope, or a laparoscope, and one or more trocar 
access sheaths inserted into the abdominal cavity, 
thereby avoiding a much more invasive procedure 
such as open surgery with accompanying trauma 
to surrounding tissue. 

U.S.-A-3 874 388 discloses a tissue aperture 
repair device as defined in the preamble of claim 1 . 

According to the present invention, there is 
provided apparatus as claimed in claim 1 . 

The elastic stiffener of the first embodiment 
may be directly attached to the foldable sheet 
utilizing attachment means such as suture material, 
biocompatible adhesive, clips, etc. The stiffener 
can also be woven through the foldable sheet 
about the circumference thereof. 

The stiffener advantageously expands the fol- 
dable sheet and maintains it in its unfolded shape. 

The tissue aperture repair device is advanta- 
geously used in both open surgery and minimally 
invasive laparoscopic procedures and further in- 
cludes affixation means such as a helical fastener 
insertable through the foldable sheet or suture ma- 
terial extending from the sheet for affixing the fol- 
dable sheet of material in its unfolded shape to 
tissue positioned about the aperture. 

The stiffener advantageously comprises an 
elastic wire such as stainless steel or a superelastic 
wire of a nickel-titanium alloy such as nitinol for 
expanding and conforming to the shape of the 
device cavity and the outer circumference of the 
foldable sheet of material. The ends of the stiffener 
are shaped to prevent snagging or catching on the 
foldable and second sheets of material. The shape 
of the device cavity and the outer circumference 
are advantageously elliptical or circular in shape to 
present a smooth, evenly tensioned device surface 
for attachment to tissue about the aperture. The 
stiffener advantageously eliminates the problem of 
unwrapping and positioning wetted prosthetic mesh 
in both open surgery and minimally invasive en- 
doscopic procedures. 

After introduction into the peritoneal cavity dur- 
ing a minimally invasive procedure, the introducer 



of the device is detached from the unfolded sheets 
of material by engaging the collar or the material 
about the cavity opening against the distal end of 
the sheath while withdrawing the introducer there- 

5 from. An affixation suture extending from the posi- 
tioned, unfolded sheets of material is percutane- 
ously drawn through the tissue aperture to fixedly 
position the device over the tissue aperture for 
subsequent tissue ingrowth. Affixation means such 

w as helical coil fasteners or suture material are posi- 
tioned through the unfolded material sheets to affix 
the repair device to tissue surrounding the hernial 
ring. The extending suture can be percutaneously 
affixed to the patient's skin for sole or additional 

75 device affixation or removed after positioning of the 
repair device and affixation to surrounding tissue 
with other affixation means. The foldable sheet of 
material positioned against the tissue aperture ad- 
vantageously provides for the ingrowth of repair 

20 tissue. 

Brief Description of the Drawing 

FIG. 1 depicts the inguinal canal viewed from 

25 the inside of the abdominal cavity; 

FIG. 2 is a corresponding illustration after the 
tissue aperture repair device according to the 
present invention has been positioned; 
FIG. 3 depicts a partially sectioned pictorial view 

30 of an illustrative tissue aperture repair device of 
the present invention; 

FIG. 4 depicts a partially sectioned side view of 
the tissue aperture repair device of FIG.3 with a 
percutaneous introducer inserted therein; 
35 FIG.5 depicts a partially sectioned view of the 
tissue aperture repair device of FIG. 4 in a folded 
condition and positioned in a containment 
sheath; 

FIG.6 depicts a partially sectioned view of the 
40 repair device of FIG. 4 in an unfolded shape and 

a stiffener being inserted therein for maintaining 

the device in the unfolded shape; 

FIG.7 depicts an enlarged view of the wire coil 

fastener of FIG.6 interconnecting the proximal 
45 end of the stiffener and the distal end of the wire 

guide; 

FIG.8 depicts an illustrative helical coil fastener 
and application cannula for affixing the repair 
device of FIG.3 to tissue surrounding the tissue 
so aperture or hernial ring; 

FIG.9 is a corresponding illustration after the 
supporting device according to another embodi- 
ment has been fitted; 

FIGs.10 and 11 are a plane view and a side 
55 elevation, respectively, of the supporting device; 
FIG. 12 is a side elevation of an apparatus with a 
supporting device mounted thereon; and 
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FIGs.13 to 16 illustrate how the supporting de- 
vice may be inserted and positioned during the 
surgical operation; and 

FIGs.17 to 20 illustrate another embodiment of 
the invention. 

Depicted in FIG. 1 is the inguinal canal in a 
male patient. The peritoneum and the transversal 
fascia have not been shown for the sake of clarity. 
Three potential tissue apertures, particularly hernial 
rings 1 and 2 for hernia inguinalis and ring 3 for 
hernia femoralis are indicated. Musculature 4 re- 
flects the location of musculus obliquus intemus 
and musculus transversalis, while musculature 5 
reflects the location of musculus rectus. Hernial 
ring 3 is delimited by pubis and Cooper's ligament 
6 and by inguinal ligament 7, which also delimits 
the two other tissue apertures or hernial rings. 
Spermatic cord 8 extends upwards through the 
inguinal canal past epigastric vessel 9 in Hassel- 
bach's ligament and into the abdominal cavity. 
Femoral artery 10 and vein 11 are also shown. 

After a hernia is formed, the musculature ar- 
ound the inguinal canal is weakened, thereby in- 
creasing the risk of recurrent hernia. This may be 
eliminated by inserting, as depicted in FIG. 2, a 
tissue aperture repair device 12 across the major 
part of the tissue aperture or hernial ring, thereby 
preventing the peritoneum from penetrating through 
one of hernial rings 1-3. Device 12 has an unfolded 
elliptical or circular shape for abutting on part of 
the musculature of the abdominal cavity to 
strengthen it and for at least partially covering 
tissue apertures or hernial rings 1-3. As a result, 
spermatic cord 8, femoral artery 10 and vein 11 
together with epigastric vessel 9 may concurrently 
pass freely by the tissue aperture repair device. 

Depicted in FIG. 3 is a partially sectioned pic- 
torial view of illustrative tissue aperture repair de- 
vice 12 for at least partially covering a tissue ap- 
erture such as a hernial ring. The repair device 
includes foldable sheet 13 of material having unfol- 
ded circular shape 14 and circumference 15. When 
the repair device is used in open surgery, the 
material of the foldable sheet preferably comprises, 
for example, a porous prosthetic mesh material 
such as "MARLEX"® material or other commer- 
cially available biocompatible materials for reinforc- 
ing or strengthening the tissue positioned about the 
tissue aperture or hernial ring and for providing a 
structure for tissue ingrowth about the aperture. 
"MAR LEX"® mesh material is a 6 mil monofila- 
ment knitted polypropylene material. The diameter 
of the unfolded circular shape is approximately 7 
cm for at least partially covering the tissue ap- 
erture. Diameter sizes can vary preferably in the 
range from 5 to 10 cm. Preferably, only one tissue 
aperture repair device should be used to cover the 
tissue aperture or hernial ring. However, depending 



on the size and shape of the tissue aperture, sev- 
eral repair devices can be positioned over the 
aperture and overlapped for providing sufficient 
coverage of the aperture as desired by the attend- 

5 ing physician. The unfolded shape of the sheet can 
also assume an elliptical shape for at least partially 
covering elongated tissue apertures or hernial 
rings. Centrally positioned opening 19 is formed in 
a single sheet of foldable material for inserting a 

w stiffener therethrough as will be described 
hereinafter. 

When the repair device is used in a minimally 
invasive laparoscopic procedure, the material of the 
foldable sheet preferably comprises, for example, a 

75 thin, "DACRON"® or nylon, filtering or particulated 
material, which, for example, is commercially avail- 
able from Tetco Incorporated, Briar Cliff Manor, 
New York, as their PE7-53/32 material. This thin, 
particulated sheet of material is easily folded or 

20 rolled tightly about an introducer for containment 
within a sheath and introduction through a trocar 
access sheath, which is commonly used in 
laparoscopic procedures. Foldable sheet 13 is 
formed from two sheets of the particulated material 

25 abutted and heat sealed to form centrally posi- 
tioned and extending collar 46 with opening 19 
therein, as depicted in FIG. 3. Seam 48 in foldable 
sheet 13 is formed by heat sealing the abutted 
ends of the two sheets of particulated material. 

30 The tissue aperture repair device also includes 
support means such as a second sheet 16 of 
material attached about circumference 15 of fol- 
dable sheet 13 for maintaining the foldable sheet in 
unfolded circular shape 14. The foldable and sec- 

35 ond sheets 13 and 16 of material are attached 
about circumference 15 of the foldable sheet using 
a well-known heat seal process. When the repair 
device is used in open surgery and the integrity of 
the circumferential seal is a concern to the sur- 

40 geon, suture materia) 17 is stitched about the cir- 
cumference for added strength and support. Sec- 
ond sheet 16 of material also comprises a sheet of 
prosthetic mesh such as "MARLEX"® materia! heat 
sealed to the foldable sheet of material about the 

45 circumference thereof. It is contemplated that a 
tightly woven or solid nonporous sheet of material 
such as silicone, GORTEX polymer material, poly- 
tetrafluoroethylene, or other commercially available 
biocompatible material can be used for preventing 

so tissue ingrowth when positioned, for example, 
against the organs contained within the peritoneal 
or other internal cavity. This nonporous material 
may also be biodegradable. However, dog experi- 
ments have shown that preventing tissue ingrowth 

55 on the surface of the repair device facing internal 
organs is extremely difficult. A flap of the perito- 
neum positioned over the affixed repair device is 
preferred for preventing adhesions to internal or- 
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gans. Virtual device cavity 18 is formed between 
foldable and second sheets 13 and 16 of material 
that are circumferentially attached together. The 
outer radial shape of device cavity 18 abuts cir- 
cumference 15 and assumes unfolded circular 
shape 14 when a stiffener such as an elastic wire is 
inserted in the cavity. 

The tissue aperture repair device also includes 
a stiffener for applying force to the foldable sheet 
of material to maintain it in an unfolded shape or 
condition. The length of the stiffener is selected to 
be longer than the circumference of the device to 
conform to unfolded circumference 15 when in- 
serted in device cavity 18. The elastic stiffener wire 
may comprise a length of stainless steel wire ap- 
proximately five times the length of the device 
circumference or a length of a nickel-titanium alloy 
wire such as commercially available nitinol prefer- 
ably at least the length of the device circumfer- 
ence. When used as an open surgery repair de- 
vice, both ends of the stiffener wire are bent into 
tight closed loops and soldered to prevent snag- 
ging. The ends of the wire are also curved to better 
conform the wire to the circumference of the cavity. 
When used in a minimally invasive procedure, the 
proximal end of the stiffener is attached to a wire 
guide for introduction into the device cavity. 

Although device cavity 1 8 is illustrated as a flat 
circular disk when in the unfolded state, it is con- 
templated that the cavity may assume other 
shapes or configurations for receiving a stiffener for 
applying force to the foldable sheet of material for 
maintaining the foldable sheet in the unfolded 
shape. In particular, device cavity 18 can be 
formed as a circular ring with a length of narrow 
width material attached circumferentially about the 
foldable sheet of material. Hie internal edge of the 
narrow width material would be likewise attached 
about the circumference of the foldable sheet a 
short distance inward from circumference 15. The 
stiffener is then inserted into this circular ring de- 
vice cavity for applying force for maintaining the 
foldable sheet in the unfolded shape. The stiffener 
in this instance could also be a straight length of 
elastic wire at least longer than the circumference 
of the device. Alternatively, the stiffener could also 
assume the shape of an elastic wire coil for provid- 
ing even further flexibility for use in open surgery. 
It is also contemplated that a plurality of pockets of 
the second material could be diagonally attached 
to the foldable sheet and straight stiffeners be 
inserted therebetween for stretching the foldable 
sheet to the unfolded circular shape. When the 
second sheet of material does not completely cov- 
er the foldable sheet of material, the exposed side 
of the foldable sheet of material should inhibit 
tissue ingrowth. In such case, the foldable sheet 
can be multi-layered with one layer promoting tis- 



sue ingrowth and the other layer of the sheet 
inhibiting tissue ingrowth. Alternatively, the side of 
the foldable sheet anticipated for exposure to inter- 
nal body organs may be coated with a well-known 

5 antrfibrogenic coating for inhibiting tissue ingrowth 
and the formation of lesions. 

Tissue aperture repair device 12 can be used 
in both open surgery and minimally invasive 
laparoscopic procedures. When used in open sur- 

70 gery, the stiffener is inserted through small diam- 
eter opening 19 into device cavity 18 during the 
manufacturing process. The device cavity is seal- 
ed, and the device is packaged for use by the 
physician. When the device is used in minimally 

75 invasive laparoscopic procedures, device cavity 18 
communicates with opening 19 that is centrally 
positioned and extended by collar 46 in foldable 
sheet 13 of material for insertion of a percutaneous 
introducer therethrough, ft is also contemplated that 

20 opening 19 can be formed in the second sheet of 
material. The introducer is inserted in opening 19 
of the cavity to position the repair device against 
the tissue aperture. 

Depicted in FIG. 4 is a partially sectioned side 

25 view of tissue aperture repair device 12 with collar 
46 and opening 19 centrally positioned in foldable 
sheet 13 and flared distal end 20 of percutaneous 
introducer 21 positioned therethrough. As previous- 
ly described, device cavity 18 is formed between 

30 foldable and second sheets 13 and 16 of material 
bounded by the sheets and circumference 15 of 
the foldable sheet. Percutaneous introducer 21 in- 
cludes hollow passageway 25 extending longitudi- 
nally therethrough for the insertion and passage of 

35 stiffener 22. The foldable and second sheets of 
material are folded together and wrapped around 
and about distal end 20 of the introducer and 
inserted into hollow longitudinal passageway 24 of 
containment sheath 23 as depicted in FIG. 5. The 

40 containment sheath with the tissue aperture repair 
device contained therein is inserted through a well- 
known trocar access sheath (not shown) which is 
introduced into the peritoneal cavity of the patient 
using a well-known surgical procedure. 

45 Referring again to FIG. 4, when the folded 
tissue aperture repair device is extended from the 
distal end of containment sheath 23 into the perito- 
neal cavity of the patient, elastic stiffener wire 22 is 
passed through introducer 21 and into device cav- 

50 ity 18. By way of example, the elastic stiffener wire 
comprises approximately a 110 cm length of Series 
302 or 304 stainless steel wire approximately 0.036 
cms (.014") in diameter. The length of this wire is 
approximately five times the circumference (ap- 

55 proximately 22 cm) of unfolded sheet 13 of ma- 
terial in unfolded shape 14. The distal end of the 
stiffener wire is rolled and soldered to form bead 
45, which prevents the distal end of the wire from 
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catching or snagging on the sheets of material. 
This length of elastic stiffener wire is passed 
through the percutaneous introducer and into de- 
vice cavity 18, which expands and conforms to 
circumference 15 of foldable sheet 13 of material 
as depicted in FIG. 6. 

As depicted in FIG. 6, proximal end 26 of 
elastic stiffener wire is attached to wire guide 27 
with detachable wire coil fastener 28. An enlarged 
view of wire coil fastener 28 attaching proximal end 

26 of elastic stiffener wire 22 and distal end 29 of 
wire guide 27 is depicted in FIG. 7. The wire coil 
fastener comprises two segments of a 0.097 cms 
(.038") outside diameter coil of 0.02 cms (.008") 
stainless steel wire. One segment is attached to 
proximal end 26 of elastic stiffener wire 22, and the 
other segment is formed from the turns of wire 
guide 27. The wire guide segment of the wire coil 
fastener is formed by separating the coil turns of 
the wire guide about distal end 29 and fixedly 
positioning the separated turns using, for example, 
well-known silver solder bead 31. The segment of 
the wire coil fastener attached to proximal end 26 
of the stiffener is affixed by silver solder bead 30 
with the turns of the segment wound in the same 
direction. The wire guide and stiffener are intercon- 
nected by interleaving the turns of the wire coil 
fastener segments. By way of example, wire guide 

27 has a 0.064 cms (.025") outside diameter and is 
commercially available from several medical device 
manufacturers such as Cook Incorporated, Bloom- 
ington, Indiana. The length of the wire guide is 
approximately 65 cm with proximal end 32 includ- 
ing two right angle comers 33 and 34 as depicted 
in FIG. 5 for rotating the wire guide in either a 
clockwise or counterclockwise direction. To detach 
elastic stiffener wire 22 from wire guide 27, proxi- 
mal end 32 of the wire guide is rotated to dis- 
engage the interleaved segments of wire coil fas- 
tener 28 as depicted by the arrows in FIG. 7. When 
disengaged, the stiffener wire engages the circum- 
ference of device cavity 18. 

By way of example, introducer 21 comprises a 
50 cm length of polytetrafluoroethylene material 
tube having an outside diameter of approximately 
0.216 cms (.085") with a wall thickness of approxi- 
mately 0.038 to 0.05 cms (.015-.020"). As depicted 
in FIG. 4, distal end 20 of the introducer tube is 
flared in a wefl-known manner for retainage in 
device cavity 18. Typically, the distal end of the 
introducer tube is inserted through collar 46 and 
opening 19 of the foldable sheet of material and 
then flared in a well-known manner. Collar 46 is 
further affixed to the introducer tube with silk suture 
materia) 47 wound thereabout, tied, and glued with 
medical grade adhesive. Collar 46 and suture ma- 
terial 47 transversely position the unfolded and 
second sheets of material with respect to the intro- 



ducer. The second sheet of material is then at- 
tached to the circumference of the foldable sheet. 
The foldable and second sheets of material are 
folded around and about the introducer tube and 

5 inserted into containment sheath 23. By way of 
example, containment sheath 23 comprises a 35 
cm length of polytetrafluoroethylene material tube 
with an outside diameter of 0.3 cms (.120") and a 
wall thickness of approximately 0.0254 to 0.038 

io cms (.010-015"). The containment sheath has a 
well-known gas-tight Luer lock connector 36 at- 
tached about proximal end 37 thereof. Similarly, 
proximal end 38 of introducer tube 21 includes a 
well-known gas-tight Luer lock connector 39 which 

75 engages Luer lock connector 36 of the containment 
sheath and allows passage of wire guide 32 there- 
through. 

When the repair device is inserted into the 
peritoneal cavity of a patient and in its unfolded 

20 shape 14, the device is positioned over tissue 
aperture or hernial rings 1-3 with introducer 21 as 
depicted in FIG. 2. When properly positioned, the 
unfolded repair device is attached to the tissue 
surrounding the hernial rings using, for example, 

25 well-known suture material or helical coil fasteners 
40. In preparation of positioning the repair device 
over the hernial ring, the physician places two 
helical coil fasteners opposite each other and cen- 
tered over the hernial ring at a distance greater 

30 than the diameter of the repair device. These two 
helical coil fasteners serve as markers for the 
placement of the device. When the repair device is 
in a satisfactory position with respect to the marker 
fasteners, suture material or other helical coil fas- 

35 teners are inserted into the peritoneal cavity via 
another trocar access sheath and turned through 
the repair device and into the tissue surrounding 
the hernial ring using other well-known minimally 
invasive surgical instruments. When sufficiently at- 

40 tached to surrounding tissue, the containment 
sheath is brought up against the distal end of the 
introducer and foldable sheet of material to pull the 
distal end of the introducer from collar 46 and 
opening 19 in foldable sheet of material 13. Wire 

45 guide 27 is removed from the containment sheath, 
and the foldable sheet 13 of material and flared 
distal end 20 of the introducer is pulled against 
distal end 35 of sheath 23 as depicted in FIG. 6. 
When the foldable sheet of material is in the unfol- 

50 ded shape with elastic stiffener wire contained in 
device cavity 18, flared distal end 20 of the intro- 
ducer is readily pulled out of collar 46 and opening 
19 of the folded sheet 13 by engaging the distal 
end of sheath 23. Alternatively, the repair device is 

55 first removed from the distal end of the introducer 
by engaging the sheath and pulling the introducer 
out of the device cavity opening. The detached 
device is then positioned at least partially over the 
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hernial rings and affixed to the surrounding tissue 
with other surgical instruments passed through oth- 
er trocar sheaths. 

Another procedure for affixing the unfolded re- 
pair device to the tissue surrounding the hernial 
rings is to include an affixation suture loop 41 to 
second sheet 13 of material, as depicted in FIG. 6. 
The repair device includes this suture loop which is 
passed through containment sheath 23. With one 
affixation technique, the affixation suture loop is 
passed through the hernial ring and percutaneously 
drawn through the abdominal wall and skin of the 
patient. The repair device is positioned at least 
partially covering the hernial rings, and the affix- 
ation suture is pulled and affixed to the surface of 
the skin using a well-known percutaneous surgical 
technique. Depending on the position of the tissue 
apertures or hernial rings, no additional helical coil 
fasteners or sutures are required for attaching the 
repair device to the tissue surrounding the ap- 
ertures. Alternatively, the folded tissue aperture re- 
pair device is percutaneously inserted through the 
tissue aperture or hernial ring and then extended 
from the containment sheath. The repair device is 
extended to its unfolded shape, and the introducer 
and sheath are pulled back through the insertion 
site with the affixation suture extending from the 
folded sheet of material and to the surface skin of 
the patient for affixation thereto. 

Depicted in FIG. 8 is a helical coil fastener 40 
inserted into flared distal end 42 of application 
cannula 43. By way of example, the helical coil 
fastener preferably comprises two and a half turns 
of 0.046 cms (.018") stainless steel wire approxi- 
mately 0.38 cms (.15") in length with a 0.127 to 
0.152 cms (.050-.060") therebetween. The diameter 
of the helical coil fastener is approximately 0.317 
cms (.1 25"). Eyelet 44 of the fastener extends from 
the proximal end of the turns and is approximately 
0.635 cms (.250") in length. Application cannula 43 
comprises a twelve gauge stainless steel cannula 
having an outside diameter of 0.3 cms (.120") and 
an inside diameter of approximately 0.24 cms 
(.095"). Flare 42 about the distal end of application 
cannula includes a major diameter of approximately 
0.38 cms (.150") and a minor diameter of approxi- 
mately 0.165 cms (.065"). The application cannula 
is long enough for insertion through a trocar access 
sheath. The eyelet is secured in the flared distal 
end of the application cannula using, for example, a 
loop 46 of suture material. The helical coil fastener 
is threaded through the foldable and second sheets 
of material and into the surrounding tissue with 
rotation of the application cannula. When secured 
in tissue, the fastener is released by pulling loop 
46 of suture material free of the fastener eyelet and 
drawing the application cannula from the eyelet. 



It is to be understood that the above-described 
tissue aperture repair device is merely an illustra- 
tive embodiment of the principles of this invention 
and that other tissue aperture repair devices may 

5 be devised by those skilled in the art without 
departing from the spirit and scope of this inven- 
tion, ft is contemplated that the tissue aperture 
repair device is readily usable in both open surgery 
and minimally invasive surgical procedures. In 

io open surgery, the repair device includes the elastic 
stiffener wire already positioned in the device cav- 
ity or merely affixed to the circumference of the 
foldable sheet of material. The elastic stiffener ma- 
terial may also comprise a nickel-titanium alloy 

75 such as commercially available nitinol, which pos- 
sesses a superelastic property to readily maintain 
the device in its unfolded shape. As a result, the 
number of turns of the stiffener wire around the 
circumference of the device can be significantly 

20 reduced. Furthermore, the elastic stiffener wire 
may extend across the diameter of the repair de- 
vice. Several stiffener wires may be crisscrossed to 
suit any unfolded shape desired. A crisscrossed 
configuration is ideally suited for a rectangularly 

25 shaped tissue aperture repair device, ft is further 
contemplated that the unfolded shape of the tissue 
aperture repair device can take on any configura- 
tion desired by the physician. Percutaneous inser- 
tion of the repair device is contemplated using 

30 several different techniques as briefly described 
above. Furthermore, insertion can be from the pa- 
tient skin surface through a tissue aperture or her- 
nial ring into the peritoneal cavity. The device is 
unfolded and drawn against the aperture similar to 

35 an extended umbrella. The device may be an- 
chored or sutured to the surrounding tissue or 
simply fixedly positioned using the affixation suture 
extending from the foldable sheet. Other tech- 
niques for percutaneous positioning include well- 

40 known intra-cavity approaches. Furthermore, this 
tissue aperture repair device is not only suited for 
peritoneal cavity hernias but for any other tissue 
aperture occurring anywhere in the body such as 
the thoracic cavity. 

45 After a hernia the musculature around the in- 
guinal canal is weakened, thereby increasing the 
risk of recurrent hernia. This may be eliminated by 
inserting, as shown in F1G.9, a supporting device 
generally designated 112 across the major part of 

so the hernial ring, thereby preventing the peritoneum 
from penetrating through one of the hernial rings 1 
to 3. The device 112 has such an appropriate size 
that ft may abut on part of the musculature of the 
abdominal cavity and strengthen it, and that the 

55 spermatic cord 8, the femoral artery 10 and vein 11 
together with the epigastric vessel 9 may concur- 
rently pass freely by the device. 
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The barrier material of the device may be a 
guard of flexible synthetic material, in the illustrated 
design a net 1 1 3 of polypropylene, mersutures or a 
biodegradable material such as a resorbable poly- 
ester, e.g. vicryl or resomer. The barrier material 
may alternatively be a thin, preferably circular 
piece of PTFE, e.g. gore-tex (soft tissue patch). Net 
113 may be kept spread, mainly in a plane shape 
by a stiffener 114 consisting of a comparatively 
thin wire of the alloy Nitinol that is a shape memory 
alloy which at an increased temperature e.g. at 
500 *C may be set in a predetermined shape. By 
an appropriate composition of the alloy the trans- 
formation temperature may be selected to be e.g. 
1 0 * C so that the wire retains its superelasticity and 
stiffness during the manipulation and insertion into 
the abdominal cavity. 

Stiffener 114 is advantageously composed of 
two wires either of which, as the predetermined 
shape, is formed as an elongate flattened loop 115. 
Due to this round shape the stiffener has no sharp 
edges or ends that may grasp and damage the 
tissue in the abdominal cavity. The net 113 is fixed 
to stiffener 114 in that the meshes are stuck in over 
the wire in loop 115 at uniform interspaces, and the 
two loops 115 extend transversely to each other in 
order to impart to the net the greatest possible 
stiffness. 

In the middle of the net 113 a fastening means 
116 is cast around loops 115 and the net proper. 
The means 116 may be made from silicone or a 
biodegradable polymer, such as synthetic or natu- 
ral polymers (obtainable from e.g. Boehringer In- 
gelheim), or a resorbable polyester, e.g. vicryl or 
Resomer. The means 116 is on one side of the 
barrier material provided with a soft curvature 117 
that cannot cause damage to the intestines in the 
abdominal cavity, and on the other side of the net 
means 116 has a pin 118 from whose end face a 
thread 119 extends which may for instance be 
made from vicryl. 

The stiffener is designed as a loop extending 
along the periphery of the net, which loop may be 
connected with the fastening means 116 through a 
number of spokelike arms. The stiffener may be 
made from stainless steel wire as well, or from a 
resilient plastics material. 

Fig. 12 shows an apparatus for the insertion of 
the supporting devices 112 and which is composed 
of an internal carrying tube 120 extending longitudi- 
nally through an external guide tube 122 that is 
somewhat shorter than tube 120. Pin 118 on fas- 
tening means 116 and the inner diameter of carry- 
ing tube 120 conforms to each other so that the pin 
upon insertion at one end of the carrying tube will 
be fixed thereon. The other end of the carrying 
tube has a radially protruding abutment 121 to 
confine the displacement of guide tube 122. The 



thread 119 that is considerably longer than tube 
120 is passed centrally therethrough. 

With reference to the very simplified Figs. 12 
to 16 it will now be described how the device may 

5 be operated into the patient. 

The abdominal cavity is inflated with gas 
through a trocar so that the intestines are not 
positioned in the vicinity of the hernial ring. Then a 
trocar sheath 1 23 is percutaneously passed 

io through the abdominal wall that may be composed 
of musculus obliquus extemus and intemus 124, 
musculus transversalis 125 and peritoneum 126. 
The hernial sac is then reduced. 

The supporting device mounted at the end of 

75 the carrying tube 120 is introduced into the trocar 
sheath 123 while simultaneously folding the net- 
work 113 and stiffener 114 round carrying tube 
120, thereby allowing the device to pass through 
the trocar sheath 123. This folding-up has been 

20 made possible by the flexibility of the stiffener or 
by the circumstance that the stiffener is made from 
a shape memorizing alloy having superelastic prop- 
erties. The apparatus is now pushed through 
sheath 123 and into the abdominal cavity, as illus- 

25 trated in Fig. 14. When the edge of net 113 is freed 
from the internal end of sheath 123, stiffener 114 
straightens the net as illustrated in Figs. 15 and 16 
until the net is substantially plane. This spreading- 
out may be effected as a consequence of the 

30 resiliency or stiffness of the stiffener. 

When the supporting device 112 has been 
introduced into the abdominal cavity the guide tube 
122 is moved inwardly to abut on fastening means 
116, following which an inwardly directed push on 

35 guide tube 122 releases the supporting device 112 
from carrying tube 120. Then, tubes 120 and 122 
are at first removed and subsequently the trocar 
sheath 123 so that the tissue and the skin, not 
shown, close about thread 119 that has been pulled 

40 outwardly so that the supporting device 112 abuts 
on peritoneum 126 and bars hernial rings 1, 2 and 
3. 

If rt is desired that the tissue of the abdominal 
cavity should grow together with net 113 and stiff- 

45 ener 114, the side of the barrier material facing 
away from the abdominal cavity may be coated 
with fibrinogen. 

As mentioned above, it is also possible to 
insert the supporting device 112 through a trocar 

so sheath passed through the abdominal cavity at a 
distance from the hernial ring. Some manipulation 
is, however, necessary in this case in order to 
position the supporting device at the hernial ring. 
When the supporting device is to be used to 

55 support the abdominal wall in the area where the 
wall has been weakened by the insertion of the 
trocar sheath proper, the device may have more 
diminutive dimensions than in hernia applications, ft 
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will normally be sufficient if the barrier material in 
the spread-out condition is a few times wider than 
the diameter of the trocar sheath. This smaller 
device may be inserted and positioned in the same 
manner as described above with reference to 
FIGs.13to 16. 

Naturally, the barrier material does not need to 
have the circular shape shown on the drawings but 
may be given any appropriate shape, such as oval 
, crescentic or rectangular. 

In the embodiment of FIGs.17 to 20, the stiffen- 
ed are made of a biodegradable plastmaterial, e.g. 
polyglycolides/polylactides (PGA/PLA), polyester- 
anides or polyhydroxybutyrat/polyhydroxyvalerat 
(PHB/PHV). The fastening means is in this case 
two rings with different diameters. The stiffeners do 
not reach the center of the barrier material, but the 
ends of the stiffeners closest to the center forms a 
circle with a smaller diameter than the small part of 
the circumferential fastening means mounted on 
the same side of the barrier material. 

The stiffeners and the fixed part of the fasten- 
ing means allows the barrier material to be de- 
formed in order to pass through the introducer 
sheath pushed by the internal carrying tube. When 
pushed out of the introducer sheath, another part of 
the fastening means with a diameter close to the 
diameter of the introducer sheath and bigger than 
the diameter of the first part of the fastening means 
is advanced by a coaxially system. 

When the other part of the fastening means is 
pressed against the first part and locked to said 
first part of the fastening means, the barrier unfolds 
to the spread-out condition. 

Claims 

1. Tissue aperture repair apparatus (12) for pro- 
viding a support for a weakened area (1,2,3) of 
a wall of a patient, said apparatus (12) com- 
prising support sheet means (13) which, when 
in an expanded condition, serves to cover and 
protect the said weakened area, (1,2,3) and 
resilient means (22) for urging the support 
sheet means (13) to the expanded condition, 
characterised in that the resilient means (22) 
extends circumferential ly about the support 
sheet means (13) in order to expand the latter 
to apply tension in the expanded condition. 

2. Apparatus according to claim 1, characterised 
in that when used for open surgery, the resil- 
ient means (22) is fixed to the peripheral edge 
of the sheet means (13). 

3b Apparatus according to claim 1, characterised 
in that the sheet means (13) comprises an 
attachment cavity (18) extending to the periph- 



eral edge of the sheet means (13), and in that 
the resilient means (22) is in the form of a 
spring loaded wire (22) insertable into the cav- 
ity (18) in order to expand the sheet means 
s (13). 

4. Apparatus according to claim 3, characterised 
in that when used for minimally invasive sur- 
gery, the apparatus further comprises an intro- 

ro ducer (21) through which the sheet means (13) 

is to be introduced in a folded condition into 
the patient, and through which the wire (22) is 
to be introduced into the attachment cavity 
(18). 

75 

5. Apparatus according to claim 4, characterised 
in that the sheet means (13) comprises two 
sheets (13,16) peripherally joined to form the 
said cavity (18), and in that means (46,47) are 

20 provided to connect the introducer (21) to an 

aperture (19) in one of the sheets to facilitate 
entry of the wire (22) into the said cavity (18), 
and to disconnect the introducer therefrom. 

2s 6. Apparatus according to any one preceding 
claim, further comprising a plurality of mutually 
angled flexible wires (114) extending centrally 
from a fastening means (116) on the said one 
sheet (113). 

30 

7. Apparatus according to claim 6, wherein the 
wire (1 1 4) is biodegradable. 

8. Apparatus according to claim 6 or 7, charac- 
35 tensed in that a thread (1 1 9) for fastening the 

said sheet (113) in a desired position extends 
from the fastening means (116). 

9. Apparatus according to any one of claims 1 to 
40 6 or 8, characterised in that the resilient means 

(22) is made from a material with superelastic 
shape memory properties. 

Patentanspriiche 

45 

1- Vorrichtung (12) zum Wiederherstelien einer 
Gewebeoffnung zur Unterstutzung eines ge- 
schwachten Wandbereichs (1, 2, 3) bei einem 
Patienten, wobei jene Vorrichtung (12) ein 

so Stutzplattenmittel (13), das im ausgedehnten 
Zustand als Abdeckung und Schutz fur diesen 
geschwachten Bereich (1, 2, 3) dient, und ein 
elastisches Mittel (22) zur zwangsweisen Ober- 
fuhrung des Stutzplattenmittels (13) in den 

55 ausgedehnten Zustand umfaBt, dadurch ge- 

kennzeichnet, dafi das elastische Mittel (22) 
sich zur Ausdehnung des StOtzplattenmittels 
(13) um dessen Umfang erstreckt, urn es im 
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ausgedehnten Zustand unter Spannung zu set- 
zen. 

2. Vorrichtung nach Anspruch 1 , dadurch gekenn- 
zeichnet, daB das elastische Mittel (22) zum 
Gebrauch bei offenen Operationen an dem 
Umfangsrand des Plattenmittels (13) befestigt 
ist 

a Vorrichtung nach Anspruch 1 , dadurch gekenn- 
zeichnet, daB das Plattenmittel (13) einen Be- 
festigungshohlraum (18) umfaBt, der sich bis 
zum Umfangsrand des Plattenmittels (13) er- 
streckt, und daB das elastische Mittel (22) als 
federbelasteter Draht (22) ausgebildet ist, der 
in den Hohlraum (18) zur Ausdehnung des 
Plattenmittels (13) einfuhrbar ist. 

4. Vorrichtung nach Anspruch 3, dadurch gekenn- 
zeichnet, daB die Vorrichtung zum Gebrauch 
bei minimalinvasiven Operationen wertemin ein 
Einfuhrungsinstrument (21) umfaBt, durch wel- 
ches das Plattenmittel (1 3) im zusammengefal- 
teten Zustand in den Patienten eingefuhrt wird 
und durch welches der Draht (22) in den Befe- 
stigungshohlraum (18) eingefuhrt wird. 

5. Vorrichtung nach Anspruch 4, dadurch gekenn- 
zeichnet, daB das Plattenmittel (13) zwei zur 
Ausbildung jenes Hohlraums (18) am Umfang 
miteinander verbundene Platten (13, 16) um- 
faBt, und daB Mittel (46, 47) zur Verbindung 
des EinfUhrungsinstruments (21) mit einer Off- 
nung (19) in einer der Platten, um die Einfuh- 
rung des Drahts (22) in jenen Hohlraum (18) zu 
erieichtem, und zur Losung des EinfUhrungsin- 
struments von jenem Hohlraum vorgesehen 
sind. 

6. Vorrichtung nach einem der vorhergehenden 
Anspruche, weiterhin umfassend eine Vielzahl 
von gegenseitig abgewinkelten flexiblen DrSh- 
ten (114), die sich mittig von einem Befesti- 
gungsmittel (116) auf jener einen Platte (113) 
erstrecken. 

7. Vorrichtung nach Anspruch 6, worin der Draht 
(114) biologisch abbaubar ist. 

8. Vorrichtung nach Anspruch 6 oder 7, dadurch 
gekennzeichnet, daB ein Faden (1 1 9) zur Befe- 
stigung jener Platte (113) in einer gewunschten 
Lage sich von dem Befestigungsmrttel (116) 
aus erstreckt. 

9. Vorrichtung nach einem der AnsprUche 1 bis 6 
oder 8, dadurch gekennzeichnet, daB das ela- 
stische Mittel (22) aus einem Material mit su- 



perelastischen Formgedachtniseigenschaften 
besteht 

Revendications 

5 

1. Appareil (12) pour la reparation d'une ouvertu- 
re dans un tissu destine* a foumir un soutien a 
une zone affaiblie (1, 2, 3) d'une paroi d'un 
patient, ledit appareil (12) comprenant un 

10 moyen a feuilles de soutien (13) qui, lorsqu'il 

est en etat deploye, sert a couvrir et a prote- 
ger ladite zone affaiblie (1, 2, 3), et un moyen 
elastique (22) pour solliciter la moyen a feuilles 
de soutien (13) vers I'etat deploye, caracterise 

75 en ce que le moyen elastique (22) s'etend 

circonf^rentiellement tout autour du moyen a 
feuilles de soutien (13) en vue de deployer ce 
dernier, afin d'appliquer une tension dans I'etat 
de*ploye\ 

20 

2. Appareil suivant la revendication 1, caracterise 
en ce que, lorsqu'il est utilise pour la chirurgie 
ouverte, le moyen elastique (22) est fixe au 
bord pe7iph£rique du moyen a feuilles (13). 

25 

& Appareil suivant la revendication 1, caracterise 
en ce que le moyen a feuilles (13) comprend 
une cavite d'attache (18) s'etendant jusqu'au 
bord peripherique du moyen a feuilles (13), et 
30 le moyen elastique (22) a la forme d'un fil 

metallique mis soins contrainte par effet de 
ressort (22), pouvant etre introduit dans la cavi- 
ty (18) en vue de employer le moyen a feuilles 
(13). 

35 

4. Appareil suivant la revendication 3, caracterise' 
en ce que, lorsqu'il est utilise pour une chirur- 
gie a caractere invasif minimal, I'appareil com- 
prend, en outre, un organe d'introduction (21) 
AO a travers lequel le moyen a feuilles (13) doit 

etre introduit dans un etat replie dans le pa- 
tient, et a travers lequel le fil metallique (22) 
doit etre introduit dans la cavite d'attache (18). 

45 5- Appareil suivant la revendication 4, caracterise 
en ce que le moyen a feuilles (13) comprend 
deux feuilles (13, 16) jointes p§riphdriquement 
pour former ladite cavite (18), et des moyens 
(46, 47) sont prevus pour relier I'organe d'intro- * 

so duction (21) a une ouverture (19) dans Tune 

des feuilles afin de faciliter i'entree du fil (22) 
dans ladite cavite (18), et pour detacher I'orga- 
ne d'introduction de I'ouverture (19). 

55 6. Appareil suivant Tune quelconque des revendi- 
cations pr£c£dentes, comprenant, en outre, 
plusieurs fils metalliques qui se croisent mu- 
tuellement (114) et s'etendent au centre a par- 
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tir d'un moyen de fixation (1 1 6) sur ladrte feuil- 
le (113). 

7. Appareil suivant la revendication 6, dans fequel 

le til (1 1 4) est biodegradable. 5 

8. Appareil suivant la revendication 6 ou 7, carac- 
teVise* en ce qu'un fil textile (119) destine a 
fixer ladite feuille (113) dans une position sou- 
hait6e s'^tend a partir du moyen de fixation w 
(116). 

9. Appareil suivant Tune quelconque des revendi- 
cations 1 a 6 ou 8, caracterise en ce que le 
moyen eMastique (22) est constitu£ d'une ma- is 
tiere ayant des proprtetgs de m^moire de for- 
me super£lastiques. 
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